Abstract. In this paper a matrix form of Gibbs-Appel function is recommended for multibody dynamics formulations. The form""·proposed in this paper seems to be more clear and suitable for automatic generation of dynamical equations of motion. The advantages followed from the formulation prop_psed are illustrated through an example.
INTRODUCTION
Gibb-Appel equations were introduced by Gi.bbs in 1879 [1] and were subsequently studied and formalized by Appel in 1900 [2] . The Gibbs-Appel equations for the nonholonomic syst em constituted of n particles have been shown in a lot of specialist books [3, 4] .
In this paper we consider a system S constituted of p rigid bodies. The Gibbs-Appel function is defined as [5, 6] where rri is t he quasi-active force, ' Tri is the quasi-coordinate, f is the number of degrees of freedom of t he system. . The subject of this paper is the proposition of a useful matrix form of Gibbs-Appel function of multibody system. The formulation is aimed at more automatic and clear generation of t he dynamical equations of motion.
THE MATRIX FORMULATION OF GIBBS-APPEL FUNCTION
As shown in Fig. 1 , which depicts a rigid body in the three-dimensional space, the global position of an arbitrary point on the body can be written as 
is divided into six parts, as stated in each line and calculated below We now define the incomplete Gibbs-Appel function of the system of rigid bodies as follows 
EXAMPLE
Consider the motion of a sphere rolling on a inclined plane shown in Fig. 2 . We assume that the sphere rolls without slipping. The sphere has the mass m and the radius a. By using Gibbs-Appel equations, the equations of motion for the sphere can be derived as follows . 
From the Euler kinematics equation we have [5] , [6] W x = 0sinBsin 'l/; + ecos 'lj;, The incomplete Gibbs-Appel function reduces to
where 
About the Gibbs-Appel Equations for Multibody Systems
The virtual work of the gravity force acting on the sphere is given by
This implies that
The equations of motion for the sphere in the form (1.2) lead to
These results are in agreement with the calculating results by [3, 4, 6] . In many applications it is convenient to formulate the dynamical equations not in the generalized coordinates q but in quasi-coordinates 7r = [7r1, 7r2, .. ., 7rJf· In this paper the calculation of Gibbs-Appel function for multibody systems is considered. The advantages ensue mainly from the matrix formulation of Gibbs-Appel function for each body of the considered system. The approach and the matrix formulation seems also be well suited for development of computer algorithms .
